IKKɛ: A Bridge between Obesity and Inflammation  by Olefsky, Jerrold M.
biogenesis proceeds by means more 
complex than changes in conforma-
tion induced by r-protein binding. The 
process requires large inputs of energy 
generated by ATPases and GTPases.
It seems unlikely that the immense, 
energy-consuming enzyme Rea1 func-
tions only to release a handful of assem-
bly factors. It will be exciting to dis-
cover how Rea1-mediated remodeling 
is coupled with pre-rRNA processing. 
One will also want to discover whether 
and how release is regulated. Does 
one of the GTPases in the Rix1 par-
ticle activate Rea1? Does Rea1 contact 
any other preribosomal molecules? Are 
other assembly factors, in addition to 
Rsa4 and the Rix subcomplex, released 
by Rea1? Of course, once these ques-
tions are answered, the when, how, and 
why of the release of the remaining 150+ 
assembly factors from preribosomes 
await discovery.
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Obesity leads to tissue inflammation and insulin resistance, which are features of metabolic 
diseases such as type 2 diabetes. Chiang et al. (2009) now show that the IκB kinase IKKε is an 
important link between obesity and inflammation and may be a new therapeutic target for treating 
obesity-related metabolic diseases.Insulin resistance involves a decreased 
ability of tissues to respond to insulin 
and is a key metabolic abnormality 
in most patients with type 2 diabetes 
(Olefsky and Courtney, 2005). Although 
there can be genetic or other causes 
of insulin resistance, the predominant 
cause is obesity. The prevalence of 
obesity is increasing at an alarming 
rate in all age groups worldwide, and 
the obesity epidemic is driving the 
increased incidence of type 2 diabetes. 
Obesity leads to an increase in tissue 
inflammation, particularly within adi-
pose (fat) tissue (Figure 1) (Schenk et 
al., 2008; Shoelson et al., 2007; Hotam-
siligil and Erbay, 2008). It was Xu et al. 
(2003) and Weisberg et al. (2003) who 
first reported that large numbers of 
macrophages accumulate in fat depots 834 Cell 138, September 4, 2009 ©2009 Elsein obese mice and humans. Tissue 
macrophages recruited to adipose tis-
sue in obese animals exhibit increased 
expression of a broad array of genes 
encoding inflammatory pathway com-
ponents. These macrophages secrete 
proinflammatory cytokines (TNF-α, 
IL1-β, IL-6, etc.) that work in a para-
crine, and possibly endocrine, fashion 
leading to defects in insulin signaling 
and systemic insulin resistance. Block-
ing the function of these macrophages 
results in a glucose-tolerant, insulin-
sensitive phenotype (Schenk et al., 
2008; Shoelson et al., 2007; Solinas 
et al., 2007; Hotamsiligil and Erbay, 
2008). Other insulin target tissues can 
also participate in the chronic inflam-
matory state. In the liver, the special-
ized resident macrophages or Kupffer vier Inc.cells show activation of proinflamma-
tory pathways in response to obesity. 
In skeletal muscle, there is increased 
accumulation of proinflammatory mac-
rophages within the intramuscular adi-
pose depots that develop in obesity 
(Varma et al., 2009). Changes in the 
mixture of adipokines released from 
adipose tissue, as well as ectopic lipid 
deposition in liver and muscle, can 
also contribute to decreased insulin 
sensitivity. In this issue of Cell, Chiang 
et al. (2009) now show that the protein 
kinase IKKε is a crucial bridge between 
obesity and inflammation.
IKKε is a member of the IκB kinase 
family, and its expression is induced by 
activation of the inflammatory NF-κB 
signaling pathway. The function of IKKε 
is incompletely understood, although it 
figure 1. Obesity-Induced Inflammation and Insulin Resistance
(Left panel) In the lean state, adipose tissue is composed of small adipocytes with few macrophages. In obesity, the adipose tissue expands exhibiting enlarged 
adipocytes and a marked increase in the accumulation of activated proinflammatory macrophages. These activated macrophages release cytokines such as 
TNF-α, IL-β, etc., which exert local paracrine effects to cause decreased insulin sensitivity in neighboring adipocytes. Obesity also causes an increase in fatty 
acid flux and a change in the mixture of released adipokines (e.g., decreased adiponectin, increased resistin), which also potentiate insulin resistance.
(Right panel) Obesity leads to an increase in NF-κB activity, which enhances IKKε expression in a variety of tissues, including adipocytes, hepatocytes, and 
macrophages. In white adipose tissue, this results in decreased expression of uncoupling protein 1 (UCP1) leading to decreased thermogenesis, exacerbating 
obesity. Within insulin target cells, IKKε can inhibit insulin signaling, and in macrophages increased IKKε promotes the inflammatory state. In concert, obesity, 
decreased insulin action, and increased inflammation all promote insulin resistance leading to diabetes.appears to play a part in maintaining mac-
rophages in an activated, inflammatory 
state. Chiang et al. now describe several 
new functions for IKKε. They show that 
expression of IKKε in liver and adipose tis-
sue is increased in obese mice, and that 
animals lacking IKKε gain far less weight 
than wild-type mice when fed a high-fat 
diet. This lean phenotype is not due to 
decreased caloric intake, but rather, mice 
lacking IKKε exhibit an increase in oxygen 
consumption, leading to a boost in heat 
generation (thermogenesis) as exemplified 
by an increase in core body temperature. 
Next, the authors measured expression of 
the uncoupling protein UCP1 in white adi-
pose tissue and found a marked increase 
in UCP1 in IKKε-deficient animals. UCP1 
uncouples mitochondrial oxidative phos-
phorylation, leading to increased thermo-
genesis. Thus, increased levels of IKKε 
may repress UCP1 expression, providing 
a plausible mechanism for the phenotype 
of the IKKε-deficient mice. These animals 
also display marked improvements in glu-
cose and lipid homeostasis, amelioration 
of insulin resistance, and decreased acti-
vation of proinflammatory pathways.
Given that mice lacking IKKε have a 
lean phenotype on a high-fat diet, along 
with increased insulin sensitivity and 
reduced signs of inflammation, it is dif-
ficult to untangle primary versus second-
ary effects, at least in vivo. Decreased 
adiposity, by itself, confers insulin sen-sitivity and reduces inflammation, raising 
the question of whether these features 
of IKKε-deficient animals are secondary 
to the decrease in adiposity, or whether 
IKKε has additive effects. The answer is 
probably a bit of both, as Chiang et al. 
show. They demonstrate that expression 
of wild-type IKKε in cultured adipocytes 
inhibits glucose transport activated by 
insulin, whereas kinase-defective IKKε 
has no effect. Similarly, in hepatocytes, 
expression of wild-type IKKε boosts the 
levels of proinflammatory genes, consis-
tent with IKKε’s ability to facilitate chronic 
inflammation. These results indicate that 
some of the effects of IKKε deletion are 
exerted in a cell- or tissue-autonomous 
manner, independent of obesity. It will 
be important to generate tissue-specific 
IKKε-deficient mice to help determine 
which of the tissue effects reported by 
Chiang and colleagues are primary and 
which are secondary.
The Chiang et al. study provides new 
insights into the interconnections between 
obesity, tissue inflammation, and insulin 
resistance. However, there are still many 
unanswered questions. For example, 
what are the cellular mechanisms that 
increase IKKε expression and lead to 
decreased insulin signaling? IKKε expres-
sion is increased in the adipose tissue 
and liver of mice fed a high-fat diet, but 
we still don’t know whether IKKε expres-
sion is increased in obese humans. In the Cell 138, context of chronic inflammation, the mag-
nitude of the inflammatory response is a 
result of the set point between two oppos-
ing forces. One force comprises the sig-
nals generating proinflammatory events 
that increase or maintain the inflammatory 
state. Opposing this force is the process 
of inflammation resolution, comprising a 
separate set of signaling pathways and 
biochemical mediators that attenuate and 
ultimately resolve or eliminate inflamma-
tion (Serhan et al., 2008). It will be interest-
ing to determine whether IKKε plays a role 
in the regulation of these resolution path-
ways. Lastly, whereas IKKε deletion leads 
to decreased fat deposition, it remains to 
be determined whether increased IKKε 
expression promotes obesity by inhibiting 
UCP1 expression in white adipose tissue.
The Chiang et al. work provides good 
evidence that IKKε loss prevents obesity 
by boosting UCP1 expression and thermo-
genesis in white adipose tissue, although 
the exact mechanisms remain unknown. 
The new experiments suggest that IKKε, 
with its unique position at the crossroads 
between obesity and inflammation, could 
be an important new therapeutic target for 
developing anti-obesity drugs.
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The release of neurotransmitters at syn-
apses is mediated by the exocytotic 
fusion of synaptic vesicles. Because syn-
apses are usually located far away from 
their respective neuronal cell bodies, 
local endocytosis is needed to recover 
and recycle synaptic vesicle components 
for reuse. This maintains synapse integ-
rity and a constant supply of synaptic 
vesicles and guarantees that synapses 
can remain fully operational even when 
stimulated strongly and over extended 
periods of time. New findings by Yao et 
al. (2009) reveal the protein Flower as a 
new regulator of endocytosis at the neu-
romuscular junction in the fruit fly Droso-
phila. The authors provide evidence that 
Flower couples endocytosis to exocyto-
sis by acting as a Ca2+ channel.
There are three known mechanisms 
of synaptic vesicle endocytosis: (1) 
clathrin-dependent endocytosis after 
full collapse of the fusing vesicle, (2) bulk 
endocytosis via large membrane invagi-
nations, and (3) kiss-and-run fusion 
and retrieval, during which only a tran-
sient fusion pore is formed (for a recent 
review, see Wu et al., 2007). The relative 
flowers for syn
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contributions of the different endocyto-
sis pathways to synaptic vesicle recy-
cling in vivo are currently unknown, but 
clathrin-dependent endocytosis clearly 
plays a major role in synapses, whereas 
bulk endocytosis may become important 
only upon intense stimulation (de Lange 
et al., 2003).
Clathrin-dependent endocytosis of 
synaptic vesicle components takes place 
in the plasma membrane domain that 
surrounds the neurotransmitter release 
site (Heuser and Reese, 1973). It is medi-
ated by a complex protein machinery 
that controls membrane lipid compo-
sition, cargo recognition, clathrin coat 
assembly, membrane invagination, mem-
brane fission, and coat disassembly (for 
a recent review, see Jung and Haucke, 
2007). In addition, clathrin-dependent 
endocytosis appears to be stimulated by 
Ca2+ ions, at least in some experimental 
preparations (Wu et al., 2007; Hosoi et 
al., 2009). Ca2+-dependent regulation of 
endocytosis is intuitively plausible as it 
would allow the synapse to coordinate 
endocytosis with vesicle fusion, which 
is triggered by an increase in the intra-
aptic endocyto
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the exact role of Ca2+ in the regulation of 
endocytosis and the relevant Ca2+-entry 
pathways, Ca2+ sources, and Ca2+ sen-
sors are still largely unknown, with dif-
ferent experimental approaches yielding 
divergent results. In fact, depending on 
the preparation used, endocytosis has 
been reported to be independent of Ca2+, 
dependent on bulk Ca2+, or dependent 
on Ca2+ microdomains near voltage-
gated Ca2+ channels (see discussion in 
Hosoi et al., 2009).
In an elegant study presented in this 
issue of Cell, Yao et al. (2009) describe 
a previously uncharacterized protein 
from Drosophila that they name Flower 
(Figure 1). They show that Flower is 
essential for proper endocytosis of syn-
aptic vesicles. The authors identified 
the flower gene in an unbiased forward 
genetic screen for proteins that affect 
synaptic transmission. The Flower pro-
tein resides on synaptic vesicles and 
the presynaptic plasma membrane. It 
is evolutionarily conserved from worms 
to humans, contains four stretches of 
hydrophobic sequences that may repre-
sis
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ated to maintain a steady supply 
ao et al. (2009) now report that a 
cytosis at neuromuscular junc-
